. Paleocoastal chipped stone tools from CA-SRI-512, CA-SMI-679, and CA-SMI-261. Top row: crescents (left to right SRI-512-513, SMI-679-67, and SMI-679-214); middle row: CIBs (left to right 31, and 390) and CIAs 25b , and 28); bottom row: expedient tools (left to right: 7430, and 7735; (photo by N. Jew).
Until recently, research on stone tool manufacture on the NCI had focused primarily on chert sources located on eastern Santa Cruz Island (SCRI; see Arnold, 1987; Perry and Jazwa, 2010) that were heavily used during the Late Holocene for microblade production. Microdrills fashioned from Santa Cruz Island cherts were used to perforate Olivella shell beads which were an integral part of island craft specialization and extensive exchange systems (see Arnold, 1983; Preziosi, 2001) . Study of this Late Holocene microblade industry has greatly increased our understanding of social complexity, resource control, and craft specialization among the Chumash (see Arnold, 1987 Arnold, , 1990 Arnold, , 1992 Arnold, , 1995 Arnold et al., 2001; Kennett, 2005; Perry, 2004 Perry, , 2005 Perry and Jazwa, 2010; Pletka, 2001; and others) . While it is well established that some of the highest quality cherts on the NCI come from eastern Santa Cruz Island (see Arnold, 1987; Perry and Jazwa, 2010) and the adjacent California mainland (see Erlandson et al., 2008) , there has been only limited discussion of earlier patterns of chert and other toolstone use on the NCI, including the Paleocoastal period. Erlandson et al. (1997) analyzed a trans-Holocene sequence of chipped stone artifacts from Daisy Cave (CA-SMI-261), for instance, noting a heavy reliance on Monterey cherts and siliceous shales during the Early Holocene and Terminal Pleistocene. Paleocoastal components at Daisy Cave and recently identified Terminal Pleistocene sites on San Miguel and Santa Rosa islands (see Erlandson et al., 2011) predate the earliest known evidence for intensive quarrying of Santa Cruz Island chert (see Gusick, 2012; Perry and Jazwa, 2010:180) by several millennia, providing an opportunity to explore earlier patterns of lithic resource procurement and use by Paleocoastal peoples on the NCI.
To develop a better understanding of the use of chipped stone raw materials by island Paleocoastal peoples, we examined the frequency and proportions of raw material types from eight lithic assemblages dated between~12,200 and 7,500 years ago and distinguished formal artifact types from six assemblages. Through our analyses, we provide a deeper history of lithic raw material procurement and availability on the NCI, spanning a period during which there was a dramatic reduction in the size of the islands, a substantial increase in human population density, and significant changes in settlement and subsistence. Some of these early changes undoubtedly contributed to the development of complex exchange networks and specialized craft production (see Arnold, 1983) that focused on intensive mining of Santa Cruz Island cherts, microdrill production, and shell bead making.
CHERT VARIABILITY ON THE NORTHERN CHANNEL ISLANDS
Mineral and stone resources on the NCI include a variety of cherts, siliceous shales, metavolcanics, basalt, quartzites, sandstones, steatite, asphaltum, red ochres, and others Perry and Jazwa, 2010) . For the past century, the distribution of lithic materials for the Santa Barbara Channel region has been of interest to geologists (Meyer, 1967; Muhs et al., 2008; Rand, 1930; Weaver, 1969; Weaver and Meyer, 1969) and archaeologists (Arnold, 1987; Curtis, 1964; Heizer and Kelley, 1962; King, 1971 King, , 1981 Moore, 1989; O'Neil, 1984; Orr, 1967; Perry, 2004 Perry, , 2005 Rozaire, 1978; Rudolph, 1984) . In the last 15 years, however, four new and distinctive chert sources have been identified on the NCI (see Erlandson et al., 1997 Erlandson et al., , 2008 Erlandson et al., , 2012 and there is still no comprehensive inventory of mineral resources available for the islands today, much less the larger island of Santarosae in the past .
On the NCI, the availability of chert and other knappable stone was influenced by dynamic paleoenvironments. Between 18,000 and 10,000 years ago, when sea-levels fluctuated between~100 and 40 meters below present (see Kennett et al., 2008; Muhs et al., 2012) , the NCI coalesced into a single larger island known as Santarosae (Figure 2) (Orr, 1968) . At the end of the Terminal Pleistocene and the onset of the Holocene, sea-level was roughly 40 meters below modern (Muhs et al., 2012) . As sea-level rose, the surface area of the islands shrank dramatically and chert outcrops were likely submerged (see Erlandson et al., 2008; Watts et al., 2011) decreasing the number of available toolstone sources on Santarosae. Archaeological evidence shows that the inhabitants of western Santarosae utilized a variety of lithic raw materials for stone tool manufacture-most of which were accessible during the Terminal Pleistocene and Early Holocene (see Erlandson et al., 1997 Erlandson et al., , 2008 Erlandson et al., , 2012 .
Santa Cruz Island chert sources are found primarily on eastern Santa Cruz, what would have been eastern Santarosae in the Terminal Pleistocene. There have been at least 26 chert quarries identified on Santa Cruz Island (see Arnold, 1987; Perry and Jazwa, 2010) . SCRI cherts are generally translucent and predominantly blonde to light brown in color and found in shades of white, grays, and browns (Arnold, 1987:97) . Among the Paleocoastal assemblages we analyzed, CA-SRI-666 is the closest study site to known SCRI chert quarries, located approximately 30 km to the west.
On San Miguel and Santa Rosa islands, chert sources of various grades and types have been found ranging from scattered pebbles located in alluvium or raised beach deposits to bedrock outcrops of substantial size. Tools manufactured from Tuqan, Cico, and Wima cherts represent some of the most complex and intricate Paleocoastal technologies in the New World (see Erlandson et al., 2011; Jew and Erlandson, 2013) , although most of the more elaborate chipped stone tools appear to have been made from Tuqan chert.
Cico cherts, found in bedrock outcrops and as cobbles in raised beaches on eastern San Miguel Island, typically consist of cloudy translucent chalcedonies (see Erlandson et al., 1997) . Cico chert can macroscopically overlap with Santa Cruz Island cherts, but given the abundance of Cico nodules near the San Miguel Island sites we studied-and clear Cico clasts in the assemblages-we assumed that the few ambiguous artifacts were made from Cico chert. On San Miguel and Santa Rosa islands, most Tuqan (Monterey) chert nodules have a distinctive white or gray weathering rind (see Erlandson et al., 2008:26) and occur in colors ranging from black, gray, brown, and buff. Typically, Tuqan chert is found as cobbles or pebbles located in modern or raised beach deposits and artifacts such as cortical flakes and cores can be distinguished from mainland Monterey cherts. Without a visible cortex, however, most artifacts made from Tuqan and mainland Monterey cherts cannot be effectively differentiated. Due to the relative abundance of Tuqan chert in the area, similarities in physical characteristics between source materials and artifacts found in Paleocoastal assemblages (see Erlandson et al., 2008) , and the identification of Terminal Pleistocene quarry workshops (CA-SMI-678, 679) on San Miguel Island-we assumed that most of the Monterey chert came from local Tuqan sources rather than being imported from the mainland. Recently, Wima cherts have been identified on Santa Rosa Island (see Erlandson et al., 2012) , consisting of opaque cherts and cherty shales found in shades of brown (reddish brown, yellowish brown, greenish brown), with some black and gray variants. On San Miguel Island, white or buff siliceous shales derived from the Monterey formation are also found in beach deposits and as artifacts in some archaeological sites. Another common toolstone on the NCI is andesitic metavolcanic rocks found in cobble form in modern and ancient beach deposits. These metavolcanics are accessible throughout various parts of the NCI, and are commonly used for hammer stones, cores, and large expedient flake tools or choppers. Although much less common, smaller numbers of quartzite and fine-grained basalt cobbles also are found in raised beaches and alluvial deposits on the islands and were occasionally used to make stone tools.
METHODS
Paleocoastal peoples on the NCI relied heavily on stone for manufacturing a variety of tools but few studies have examined the overall proportions of specific material types and their relative distribution among discrete tool types. For the current study, 8,183 lithic artifacts from eight Terminal Pleistocene and Early Holocene assemblages (Table 1) were classified based on material composition from descriptions above. San Miguel Island sites include Terminal Pleistocene components from CA-SMI-678 and CA-SMI-679, and Early Holocene components from CA-SMI-169, CA-SMI-522, and CA-SMI-261 (Daisy Cave). Paleocoastal assemblages from Santa Rosa include Terminal Pleistocene site CA-SRI-512 and Early Holocene site CA-SRI-666. All these sites have been 14 C dated and have well established chronologies based on the analyses of organic samples from intact midden deposits (see Erlandson et al., 1996 Erlandson et al., , 2011 Rick et al., 2005) . Each site has also been excavated to some extent, producing sizeable lithic assemblages for comparative analysis. To calculate the distribution of material types for each assemblage, we included all formal and expedient tools, cores, and debitage from excavated units or additional systematic surface collections. Because we are interested in the frequency of materials for each assemblage and tool type, we quantified all materials to determine the relative proportions present at each site. Lithic materials were classified into six categories including Tuqan chert, Wima chert (including similar siliceous shales for San Miguel Island sites), Cico chert, metavolcanic, and miscellaneous other material types. Miscellaneous material types include rare basalt, quartzite, Franciscan chert, and other rocks.
For each component, the frequencies and percentages that raw material types contributed to various formal and expedient tool categories were calculated. We separated lithic artifacts (excluding miscellaneous other) into seven subgroups including Channel Island Barbed and Amol points, crescents, other biface/ point types (see Figure 2 ), expedient tools, cores, and debitage. Bifaces are defined as artifacts systematically flaked on both sides that are not recognized as specific point types. Expedient tools include macrodrills, scrapers, and/or flakes that exhibit retouching or edge damage resulting from possible tool use. Debitage consisted of waste flakes, shatter, and other chipped stone debris. The frequencies of these seven artifact subgroups were calculated into percentages by artifact and material types.
We used G Tests of Independence (Sokal and Rohlf, 1995) to test for similarities or differences in proportions of: 1) lithic material types among sites; 2) raw materials used for each artifact type; and 3) tool types among sites. G Tests of Independence (a.k.a., the log-likelihood ratio test) test for dependence or independence between two or more variables of nominal values (e.g., artifact and material types) and multiple groups or categories such as archaeological assemblages. A significant result means the relative proportions are dependent between variables and groups. A non-significant result suggests that two variables between groups are independent. Unlike the Chi-squared test, the results of G tests are additive, so that overall significant results can be teased out to identify which values are significantly contributing to any overall differences between groups.
We tested for similarities (non-significant subsets) between each grouped data set, using frequencies of Tuqan chert, Wima chert/siliceous shale, Cico chert, and metavolcanic for lithic material comparisons. The other lithic material types were not included as they were rare and included a variety of material types that were not present in all assemblages. Comparison of formal artifacts included CIAs, CIBs, crescents, bifaces, and expedient tools. Tests were run in BiomSTAT (Rohlf and Slice, 1995) and all G values are reported with Williams correction with degrees of freedom (df) and p values expressed as < 0.05 (unless otherwise specified). The results were used to identify patterns which might indicate differences between sites, material preference for specific tools, or changes in formal or expedient artifacts between Terminal Pleistocene and Early Holocene assemblages.
RESULTS

Overall Assemblage Comparisons
For overall percentages,~65% of the artifacts analyzed were made from Tuqan chert, followed by Cico chert (14%), Wima chert or siliceous shale (12%), miscellaneous rock types (6%), and metavolcanic andesites (3%). Except for CA-SMI-522, Tuqan chert represents the highest proportion of lithic materials present regardless of geographic location or type of occupation (e.g. quarry workshop, bone or shell midden). Looking at frequencies for individual components (Table 2) , Tuqan chert is substantially higher than any other material present in the assemblages and the second highest material present varies by site between Cico and Wima cherts.
For Santa Rosa Island, CA-SRI-512, a stratified Terminal Pleistocene midden contained a large lithic assemblage (n = 3,382) where 2,565 artifacts (76%) were made from Tuqan chert, followed by Wima chert (17%). Tuqan chert also dominated (61%) the assemblage from the Early Holocene shell midden CA-SRI-666, followed by Wima chert (30%). For San Miguel Island, the 10,000-year-old shell midden at CA-SMI-522 produced the smallest lithic assemblage (n = 86) and had the lowest percentage (40%) of Tuqan chert and a higher percentage (44%) of metavolcanic andesite-most of which was small shatter and chipped stone cobble debris. The high proportion of metavolcanic rock at CA-SMI-522 is probably due to the fact that it is located near the far west end of San Miguel and Santarosae, 12 km or more from the nearest known sources of Tuqan, Cico, or Wima cherts. Terminal Pleistocene and Early Holocene quarry/ workshop sites at Cardwell Bluffs near the east end of San Miguel Island contained high proportions of Tuqan chert (51-71%) and Cico chert (11-40%). High percentages of Cico chert at CA-SMI-678 (30%) and CA-SMI-169 (40%) were not surprising given the presence of abundant nearby Cico sources (see Erlandson et al., 1997) . The dearth of Cico chert at Daisy Cave is more difficult to explain as it is located just a kilometer or so from sources of both Cico and Tuqan chert, but it is consistent with an overall preference for the use of Tuqan chert by Paleocoastal peoples for the production of formal tools (see below). Tuqan chert for Terminal Pleistocene components averaged~66% where Early Holocene assemblages contained~60%, demonstrating that from~12,000-7,500 cal BP Tuqan chert remained the highest ranked material used for chipped stone tool manufacture on western Santarosae.
Overall, the results of the Test of Independence between all sites and chert types were significant (G = 2604, df = 21, p < 0.001). However, this data set contained over 30 statistically non-significant subsets that show similarity among some sites and chert types. These subsets include: CA-SRI-512 and CA-SRI-666 (G = 20.3), CA-SMI-679, and CA-SMI-169 (G = 19.2), and CA-SMI-261 and SRI-666 (G = 16.6). These data reveal similarities between the overall frequencies (proportions) of chert types present in certain assemblages. 
Formal Artifacts
For the 581 formal and expedient artifacts (excluding debitage), Tuqan chert comprised~81% (n = 468) of the total, 13% Cico (n = 74), 3% Wima (n = 21), and 2% metavolcanic (n = 18) ( Table 3 ). Tuqan chert is the primary material used to manufacture CIBs (88%), CIAs (72%), and crescents (77%) during the Paleocoastal period. CIB points have also been reported in other Early Holocene assemblages on the NCI (e.g., CA-SCRI-109, CA-SMI-575, CA-SMI-608), where many of these formal artifacts also appear to have been made from local island cherts. Crude and roughly shaped bifaces, preforms, and expedient tools are present in both Terminal Pleistocene and Early Holocene assemblages and are also fashioned primarily from island cherts-of the 305 bifaces examined,~88% of them were made from Tuqan cherts. Expedient tools comprised just 10% of identified tools, ranging from utilized flakes to retouched scrapers and macrodrills, but if crudely-shaped bifaces are included, the total rises to 62%. Among cores and core tools (n = 41), 51% of the total (n = 21) are made from Tuqan chert, 20% from Wima chert and siliceous shale (n = 8), and 15% from Cico chert (n = 6) and metavolcanic (n = 6). Not surprisingly, Tuqan is also the highest represented material type among the debitage, totaling 72% (n = 3731), with 18% Wima chert and siliceous shale (n = 947), 6% Cico chert (n = 344), and 3% metavolcanic (n = 177).
The G Test of Independence showed significant differences in the proportions of chert types among the different artifact types (G = 77.1, df = 12, p < 0.001). There were, however, many similarities (non-significant subsets) between tool and material types for CIB and CIA points, crescents, and bifaces. The statistical significance in the data was due to a different pattern of material type in expedient and formal tools. This difference suggests that there is a consistent preference for the type of chert (i.e., Tuqan) selected to create projectile points and bifaces and Paleocoastal people were less selective over materials used for expedient tool manufacture.
The final Test of Independence found that the proportion of tool types was significantly different between site types (G = 221.7, df = 20, < c 2 = 231.4, p < 0.001). Only two sites were similar in tool type frequencies, CA-SMI-678 and CA-SMI-679, both having produced high numbers of biface preforms, crescents, and CIA and CIB points. These two large sites are found side-by-side at Cardwell Bluffs and appear to be part of a single large quarry/workshop site complex containing multiple small shell midden loci that represent short-term campsites used by Paleocoastal peoples . All other sites had significantly different ratios of tool types present, with the greatest variation in the proportion of expedient tools, which may be related to differences in site function, site preservation, or other factors. 
Other Biface
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DISCUSSION AND CONCLUSIONS
Between~12,000 and 7,500 years ago, early maritime peoples on western Santarosae acquired Tuqan, Cico, and Wima cherts from multiple sources on what are now San Miguel and Santa Rosa islands, possibly from bedrock outcrops later submerged by rising seas or from raised beaches largely exhausted in antiquity . There is little evidence that Paleocoastal peoples on western Santarosae took significant advantage of Santa Cruz Island cherts once thought to be the only chert sources on the NCI (see Arnold, 1987) . This is true even at CA-SRI-666, an~8,000-year-old site on eastern Santa Rosa Island situated closest to the Santa Cruz Island sources. Overall, there is a strong preference for high quality Tuqan chert in the analyzed Paleocoastal assemblages. A similar raw material type, mainland Monterey chert, is also found along the adjacent mainland coast where it was heavily used by Millingstone peoples during the Early Holocene (Erlandson, 1994) . In the island Paleocoastal assemblages we analyzed, however, the artifacts containing intact cortex show that Tuqan chert (not mainland Monterey chert) was the primary material used. On eastern San Miguel, the preference for Tuqan chert is apparent at CA-SMI-169, CA-SMI-261, CA-SMI-678, and CA-SMI-679, all located near outcrops and raised beach deposits that still contain knappable Tuqan and Cico cherts, but where Cico chert is much more abundant today. Otherwise, the proportions of material types present in each assemblage appear to be related to the proximity of local chert sources. CA-SMI-522, for instance, the only site with a majority of metavolcanics and the lowest proportion of Tuqan chert, is located near the west end of San Miguel, more than 12 km from the nearest known chert source.
For Santa Rosa Island, recent surveys by Erlandson and Rick have found lesser quantities of Tuqan chert cobbles on modern beaches and raised terrace deposits, especially near the west end of the island. These include small and platy pebbles with thin sheets of pure Tuqan chert between layers of siliceous shale. These plates, both worked and unworked, have been found at many of the Paleocoastal sites recently discovered on Santa Rosa Island (see Rick et al., 2013) , including CA-SRI-512 where they appear to have been split and fashioned into small, thin CIB points. Although dominated by Tuqan chert, lithic assemblages from CA-SRI-666 and CA-SRI-512 both contain relatively large percentages of Wima chert, sources of which have only been found on Santa Rosa Island. Wima chert artifacts are relatively rare in San Miguel Island sites, however, probably because higher quality Tuqan and Cico cherts were available.
If the frequencies of material present at these Paleocoastal sites reflect the general accessibility of local materials on western Santarosae, it seems likely that this paleo-landscape had extensive Tuqan, Cico, and Wima chert sources, with availability of such lithic resources varying through space and time. The general correlations between the abundance of various chert types in Paleocoastal assemblages and the known distribution of cherts in primary or secondary geological contexts suggests that most submerged sources were likely located in the same general areas they are known from today, but there may have been more extensive sources of Tuqan chert around the margins of Santa Rosa Island than are apparent today.
Our results indicate that the proportion of formal artifacts varied between sites, differences that relate primarily to site function. CA-SMI-678 and CA-SMI-679 had similar distribution of artifact types, for instance, which is best explained by their relative proximity to chert sources and to one another, as well as their apparent function primarily as quarry/workshop sites . The 7,500-year-old component at CA-SMI-169, in contrast, is located near the same chert sources but after numerous surveys has produced no diagnostic Paleocoastal artifacts. With 40% of its assemblage consisting of Cico chert, this is the youngest assemblage we analyzed and may be transitional in nature, supporting a trend identified at Daisy Cave toward a greater emphasis on Cico chert use in the Middle Holocene (Erlandson et al., 1997) .
Overall, there is a reduction in the manufacture of crescents and CIA and CIB points from the Terminal Pleistocene to the Early Holocene, with a shift to more expedient stone tools. This is a trajectory that continues into the Middle Holocene with an intensification of shellfish harvesting and an expansion of bone and shell technologies (see Erlandson et al., 2008; Reeder et al., 2008; Rick et al., 2005) . Changes in both resources and stone tool technologies from the Terminal Pleistocene through the Holocene may have been influenced by sea-level rise which restructured ecosystems, submerged lithic sources, and changed the nearshore ecology around the Channel Islands. As the islands shrank, human population densities probably grew, even as kelp forest, terrestrial, and estuarine habitats were shrinking. One result was a subsistence shift toward a heavier reliance on shellfish, which require little in the way of formal technologies and less emphasis on hunting (see Reeder et al., 2008) . If Paleocoastal projectile points were used primarily for hunting marine mammals and waterfowl (see Erlandson et al., 2011; Rick et al., 2005) , the intensification of shellfish harvesting and a decrease in hunting may help explain an apparent decline in the intensity of Tuqan chert use, as well as a shift toward other lithic materials (e.g., Cico and Wima cherts, metavolcanics) and more expedient chipped stone tools.
A trans-Holocene review and more thorough analyses of NCI lithic assemblages is necessary to reconstruct and explain broader temporal changes in lithic technologies and material preference. Nonetheless, our preliminary findings for Paleocoastal lithic resource use on western Santarosae provide a very different view from that gained through the study of specialized Late Holocene microblade production sites on Santa Cruz Island. From Paleocoastal times to the Late Holocene, did the center of gravity for lithic production on the NCI shift from west to east? Answering that question will require comparative data from Paleocoastal sites on Santa Cruz Island, as well as greater knowledge of Middle Holocene lithic resource use. There is little evidence for extensive trade networks, resource control, or craft specialization during the Terminal Pleistocene and Early Holocene on the NCI. In contrast, it is well documented that a specialized bladelet production industry associated with intensive shell bead production developed during the Late Holocene, an industry that focused on the abundant, high quality, and suitably blocky cherts found on eastern Santa Cruz Island (see Arnold, 1983 Arnold, , 1987 Arnold, , 1990 Arnold et al., 2001; Kennett, 2005) . Questions that remain to be resolved include how lithic resource use on the NCI was transformed from the Paleocoastal to Late Holocene patterns and why other NCI cherts do not appear to have been used in the specialized Island Chumash bladelet industry.
Less than a decade ago, we knew relatively little about Terminal Pleistocene occupations of the NCI (see Erlandson and Braje, 2008; Rick et al., 2005) . Since that time it has become apparent that cherts were much more abundant and varied on the NCI than previously thought, that the islands were much less marginal than once believed, and that Paleocoastal patterns of lithic resource use were very different than those of the Middle and Late Holocene. Our research demonstrates the importance of a variety of chert sources on western Santarosae. Only recently have we begun to recognize the tremendous diversity of resource availability, use, and associated technologies on the NCI. While there is no doubt that Santa Cruz Island chert sources were some of the most intensively exploited on the NCI, the available evidence demonstrates that Paleocoastal peoples relied heavily on chert sources located on western Santarosae that were not even known to exist until relatively recently. The difference between restricted access over large SCRI quarries used to mine materials for microblade production in the Late Holocene and widely accessible chert sources used for specific tools in the Terminal Pleistocene presents a number of questions related to long-term technological and cultural changes on the NCI.
